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$Jt/$ ( FM )
– ,
$Kt/$ , , 2
, ,
$/\backslash ^{o}Jt/iR$ soliton(solitary-wave particle )







$u_{n}$ 1 , $n$
( $m$ ) ,
$r_{n}=u_{n}-u$n-l (2. 1)
$\Phi(r_{n})$ ,
$H= \sum_{n}\frac{m}{2}u_{n}^{2}+\sum_{n}\Phi(r_{n})$ (2. 2)
$m \frac{d^{2}u_{n}}{at^{2}}=-\phi’(r_{n})+\Phi’(r_{n+1})$ (2. 3)
$n=0$ , $uo=0$
$\Gamma 1=u1$ , $r2u2u1$ , $\cdot$ ..
, $n>0$
$u=,$ $u=+r2$ , $\cdots$ $u_{n}=r1+rz+\cdots+r_{n}$ , $\cdot$ ..
(2. 4)
$\dot{u}1=\dot{\Gamma}1,\dot{u}=+\dot{r}2,$ $\cdot$ .., $\dot{u}_{n}=\dot{r}_{1}+\dot{r}2+\cdots+\dot{r}_{n}$ , $\cdot$ ..
$r_{n}$ ’
$s_{n}= \frac{\partial H}{\partial_{r_{n}}}=m\{(r_{1}+\cdots+\dot{r}_{n})+\cdots(r_{1}+\cdots+j_{N})\}$ (2. 5)
$N$ $(0\leq_{n}\leq N)$ $N$
$s_{N+1}=0$ $s_{n}$ $m\dot{u}_{n}$
$m\dot{u}_{n}=s_{n}-s_{n+1}$ (2. 6)
, $m\dot{u}_{N}=s_{N}$ \iota /
$H= \sum_{n=1}^{N-1}$ $\frac{1}{2m}(s_{n}-s_{n+1})2+\frac{1}{2m}s_{N^{2}}+\sum_{n=1}^{N}\phi(r_{n})$ (2. 7)
( $n=N$ )
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$\dot{r}_{n}=\frac{\partial H}{\partial sn}=\frac{1}{m}(2s_{n}-s_{narrow 1}-s_{n+1})$ , (2. 8)
$\dot{s}_{n}=-\frac{\partial H}{\partial_{r_{n}}}=-\Phi’(r_{n})$
$s_{n}$ $r_{n}$
$m \frac{d^{2}r_{n}}{dt^{2}}=\phi’(r_{n}-1)+\Phi’(r_{n+1})-2\emptyset’(r_{n})$ (2. 9)
, (3) $n$ $n-1$ (3)





$\frac{d}{dt}X(\dot{s}_{n})=s_{n-1}+s_{n+1}$ $-2s_{n}$ (2. 11)
$X’(\dot{s}_{nnn-1})s^{\text{ }}=s+s_{n+1}-2^{s_{n}}$ (2. 12)
$\int_{n^{dt}}^{t_{S}}=s_{n}$ (2. 13)






$barrow 0$ ( $K=.- ab=$ ),
$\phi(r)$ – , b\rightarrow \infty
$\dot{s}nn=-\emptyset^{J}(r)=-a(1-e^{-br_{n}})$ ,
$r_{n}=- \frac{1}{b}\log\frac{a+\dot{s}_{n}}{a}=-X(\dot{s}_{n})/m$ (2. 16)
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..
$\frac{s_{n}}{a+s_{n}}$ $= \frac{b}{m}(s_{narrow 1}+s_{n+1^{-2s_{n})}}$ (2. 17)
$1 og\frac{a+\ddot{S}_{n}}{a}=\frac{b}{m}(S_{n-1}+S_{n+1}-2S_{n})$ (2. 18)
$(n=-\infty-\infty)$ ,
(2. 17) , ,
$s_{n}= \frac{2\overline{\underline{K}}\nu}{b/m}-J^{-}Z\{2(\nu_{t}-\frac{n}{\wedge})\overline{\underline{K}}\}$ (3. 1)
$Z$ Jacobi $Zn$
2 $\overline{\underline{K}}\nu=$ $\frac{ab}{m}/\sqrt{\frac{1}{sn^{2}2\overline{-K}/\wedge}-1+\frac{E}{\overline{K-}}}$ (3. 3)
$e arrow br_{n-1}=\frac{(2\overline{\underline{K}}\nu)^{2}}{ab/m}[dn^{2}\{2(.\nu_{t}-\frac{n}{\wedge})\overline{\underline{K}}\}-\frac{E}{\underline{\overline{K}}}]$ (3. 4)
$E,\overline{\underline{K}}$ , Jacobi $Z$ , $sn,$ $dn$ $k$
$(0^{\underline{<}}k\leq 1 )$ $k$ $k$




$dn^{2}(2^{\underline{\overline{K}}}x)- \frac{E}{\overline{\underline{K}}}=4^{\frac{\pi^{2}}{\overline{\underline{K}}^{2}}}$ $\{ \iota^{\sum_{=-\infty}^{\infty}sech^{2\frac{\pi\overline{\underline{K}}}{\underline{\overline{K}}’}}}(x+l)-\frac{2^{\underline{\overline{K}}^{J}}}{\pi\overline{\underline{K}}}\}$ (3. 5)
$\underline{\overline{K}}^{J}=\overline{\underline{K}}(k’)=\overline{\underline{K}}(\sqrt{1-k^{2}})$
$barrow\infty$ , , $karrow 1$
,
2)3)
\S 4. (soliton )
$e^{-br_{n}}-1=sinh^{2}\alpha$ $sech^{2}(\alpha n-\beta\iota)$ (4.1)
$\beta=\sqrt{ab/m}$ $sinh\alpha$ (4. 2)
(3. 4) $\alpha=2$ -K-/\Lambda = $arrow\infty,$ $karrow 1(\overline{\underline{K}}arrow\infty)$
$\circ$
$\alpha$ , $1/\alpha$ $\nearrows-$
$sinh^{2}\alpha$
,
$s_{n}=- \frac{\beta_{m}}{b}t$ a $nh$ (a $n-\beta_{t}$ ) (4. 3)
$S_{n}= \frac{m}{b}logcosh(\alpha n-\beta_{t})+const$ (4.4)
$S_{n}= \frac{m}{b}log$ [co $sh(kn-\beta_{i})+B$ co $sh(\mu n-\gamma t+\delta)$ ] (4. 5)
, (2. 18) , $\beta,$ $\gamma,$ $B$ $k,$ $\mu$
( $k$ $\mu,$ $\delta$ ) ( $k\neq\mu$ )








$l<0$ : $e^{-br_{n}}-1=\{\begin{array}{l}sinh^{2}a’\cdot sech^{2}(\alpha_{n}’-\beta_{t}’+h)sinh^{2}\alpha’\cdot sech^{2}(\alpha_{n}’-\beta_{t+h)}’’\end{array}$ (4. 8)
$t>0$ : $e^{-br_{n}}-1=\{\begin{array}{l}sinh^{2}\alpha’\cdot sech^{2}(\alpha_{n}’-\beta’t-h)sinh^{2}\alpha’sech^{2}(\alpha_{n}’-\beta_{t-h)}’\end{array}$ (4. 9)
$\{\begin{array}{l}\alpha’=\frac{k+\mu}{2},\beta’=\sqrt{\frac{ab}{m}}sinh\alpha’’\alpha’’=\frac{k-\mu}{2},\beta’=\sqrt{\frac{ab}{m}}sinh\alpha’’e^{h}=^{1}/\sqrt{B}\end{array}$ (4. 10)
, (|), (ii) 2 $t\simeq O$
(ii) 1 2 , ,
, ,


























$- \frac{bC_{0}}{2}r\frac{\partial}{\partial_{X}}\}r=0$ (5. 4)
$C_{\text{ }}=\sqrt{K/m}h$








$\xi$ , $t$ , 1 1 , 2 , 3
$u_{T}+uu\xi+\delta^{2}u\xi\xi\xi=0$ $(5_{\sigma}9)$
4)
$i^{i}$ $B^{S}Kor$ teweg–de Vries o
, , , soliton
Korteweg–de V $ri$ es
$u^{=}\underline{u}+(\overline{u}-\underline{u})cn^{2}\alpha(\xi-\overline{c}^{T)}$ (5.10)
$\underline{u},$
$\overline{u}$ , $cn$ $k$
$\overline{u}-\underline{u}=12\alpha^{2}\delta^{z}k^{z}$






, (10), (11) $karrow 1$ (5. 11 ) (4. 1 ) $a$
( $u\infty=0$ )
2 soliton
2 soliton (4. 5) $k,$ $\mu$ (4. 5)








$\underline{k},$ $\underline{\mu}$ , $\underline{\beta},$ $\underline{\gamma}$
$\underline{\beta}=\frac{1}{2}$ $\{ (\underline{\mu}+\underline{k})^{3}-(\underline{\mu}-\underline{k})_{u^{3}}\}$ ,
$\underline{\gamma}=_{2}^{1}--\{(\underline{\mu}+\underline{k})^{3}+(\underline{\mu}-\underline{k})^{3}\}$ (5. !)
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